Background -It can be difficult to assess bronchial responsiveness in children because of their inability to perform spirometric tests reliably. In bronchial challenges lung sounds could be used to detect the required 20% fall in the forced expiratory volume in one second (FEVy).
A study was undertaken to determine whether a change in lung sounds corresponded with a 20% fall in FEV, after methacholine challenge, and whether the occurrence of wheeze was the most important change. Methods -Fifteen children with asthma (eight boys) of mean age 10-8 years (range 8-15) were studied. All had normal chest auscultation before the methacholine challenge test. Lung sounds were recorded over the trachea for one minute and stored on tape. They were analysed directly and also scored blindly from the tape recording by a second investigator. Wheeze, cough, increase in respiratory rate, and prolonged expiration were assessed. Results -The total cumulative methacholine dose causing a fall in FEV1 of 20% or more (PD20) was detected in 12 children by a change in lung sounds -in four by wheeze and in eight by cough, increased respiratory rate, and/or prolonged expiration. In two subjects altered lung sounds were detectable one dose step before PD20 was reached. In three cases in whom no fall in FEV, occurred, no change in lung sounds could be detected at the highest methacholine dose. Conclusion -Changes in lung sounds correspond well with a 20% fall in FEV1 after methacholine challenge. Wheeze is an insensitive indicator for assessing bronchial responsiveness. Cough, increase in respiratory rate, and prolonged expiration occurs more frequently.
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Measurement of bronchial responsiveness to methacholine has been useful in the diagnosis, assessment of severity, and follow up of asthma, but some children are not able to perform spirometric tests reliably.' A method based on detecting audible wheeze over the trachea and requiring passive cooperation only has been described for bronchial challenge with methacholine in children. 2 In older children a close correlation has been observed between the 20% fall in forced expiratory volume in one second 
inhalation of the aerosol a deep breath was taken and held for 10 seconds. The aerosol was delivered into the mouth piece and a nose clip was applied. Three minutes after the fourth inhalation of the diluent FEV1 measurements were performed.
Each methacholine concentration was given at five minute intervals. The tests were discontinued if FEV, decreased by 20% or more from the baseline or when the maximum dose of methacholine was reached. Bronchial responsiveness was defined as the total cumulative dose of methacholine inducing a 20% or more fall in FEV, (PD20).
TRACHEAL AUSCULTATION
A microphone (Wip en Broos, Winsum, The Netherlands) was placed in the suprasternal notch and lung sounds were recorded over the trachea for one minute starting two minutes after administration of each dose of methacholine during quiet respiration. The microphone was attached to the skin with two sided adhesive tape rings. Lung sounds were stored on tape (DT-120 Rn, Sony), using a digital audio tape recorder (DTC-59 ES, Sony) and were analysed by headphone (Beyer Dynamic DT 801). The lung sounds were scored directly as wheeze, cough, prolonged expiration, and increase in respiratory rate. Cough was scored if it was persistent, and prolonged expiration was scored when the duration of expiration exceeded the duration of inspiration. Increase in respiratory rate was defined as an increase of 50% or more from baseline respiratory rate. A second analysis of the lung sounds was blindly scored from the audio tape recordings by another physician who was unaware of patient characteristics, baseline lung function, and the methacholine concentrations. During this second analysis lung sounds of all children were successively recorded on one tape and no indication of the start and ending of the challenges was given. The total cumulative methacholine dose at which a change in lung sounds was heard was defined as PDwheeze.
Results
The results of the study are presented in the table. In 12 of the 15 children the methacholine PD20 was detected by the change in lung sounds -in four by wheeze and in eight by cough, prolonged expiration, and/or increased respiratory rate. In two children lung sounds were detectable one dose step before the PD20 was reached. In three of 15 children in whom no change in lung sounds could be detected there was no fall in FEV1 on the highest methacholine dose.
Total agreement was found between the lung sounds scored directly and the lung sounds scored blindly during the subsequent audio tape recording analysis. Discussion Changes in lung sounds were found to correspond well with a 20% fall in FEV1 after methacholine challenge. In contrast with earlier studies23 in which wheeze was the indicator of bronchial responsiveness, we found wheeze by itself to be a poor indicator for assessing bronchial responsiveness. Cough, increase in respiratory rate, and prolonged expiration were more frequently found. Wilson et al' stated that the auscultation method is unreliable and potentially dangerous. They observed that significant falls in transcutaneous oxygen tension sometimes occurred in the absence of wheeze. However, four of their children showed signs of respiratory distress. In our study none of the children showed signs of dyspnoea, cyanosis, or intercostal retractions. The differences in the results could thus be due to differences in study populations. Only 11 of the 30 children studied by Wilson et al were considered to have asthma, whereas our group consisted only of asthmatic children.
In conclusion, changes in lung sounds are easy to detect over the trachea and correspond well with a 20% fall in FEV, after methacholine challenge. Computerised analysis of changes in lung sounds may provide a more objective method in situations where this warrants the cost.5 For routine clinical assessment of bronchial responsiveness in asthmatic children changes in lung sounds can be used provided that attention is paid, not only to the occurrence of wheeze, but also to cough, increase in respiratory rate, and a prolonged expiration.
